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Specifications have a large impact upon capital and operating costs because they are formulated early in the design
process. Models of the specification process have been developed for the automotive industry. These models have many
shortcomings and have limited application in other sectors. This paper examines the development and use of
specifications relating to customised plant for the electricity supply industry.
Two case studies are presented that examine the specification process at the National Grid Company (NGC) and
SupplierCo, one of its strategic suppliers. Functional models are developed to explore the application and use of
specifications. Previous research suggests that there is a choice between functional or technical specifications. This
research found that functional specifications were used for each contract, but these were applied within a detailed
framework of technical specifications. NGC has developed a supplier development programme that aims to improve the
capability of its supply chains within its framework of specifications. NGC’s use of specifications enables it to effectively
meet the requirements of The Office of Gas and Electricity Markets (OFGEM) and its shareholders.
r 2004 Elsevier B.V. All rights reserved.
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In the management of major projects one of the
principal objectives of the contract strategy is toe front matter r 2004 Elsevier B.V. All rights reserve
e.2004.08.005
ng author. Tel.: +44-191-222-6238; fax: +44-
ss: chris.hicks@newcastle.ac.uk (C. Hicks).minimise technical and commercial risk. The
customer needs to be confident that the supplier
has the necessary capabilities to satisfy the terms
and conditions of the contract. The cost to the
client of failure by the contractor may be many
times greater than any compensation that could be
recovered through legal action. A contract requires
safeguards and incentives that protect the interestsd.
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tion plays an important role in reconciling these
conflicting interests.
Each piece of plant that is the subject of a tender
and eventually a contract requires its own speci-
fication to complement the conditions of the
contract. Specifications are written for two main
purposes: (i) to state the requirements concerning
the performance and technical attributes of a
product; (ii) to give guidance on the process of
making and using a product (BS7373, 1998). The
specification may contain the technical require-
ments, project management, quality assurance and
process requirements, performance standards,
contract conditions, and commercial aspects of
the contract.
An understanding of the specification process is
important for management in terms of managing
product development, integrating knowledge, con-
trolling costs and lead-times, and meeting custo-
mer requirements. Despite its importance, research
into specification management has largely been
neglected. The limited research that has been
conducted to-date has focused largely on the
high-volume automotive industry. Little research,
however, has been conducted into the manage-
ment of specifications in the low-volume capital
goods sector. Capital goods companies produce
high-value products that are used in industry to
produce other products. Examples include boilers,
turbines and switchgear for the electricity supply
industry. Individual products are generally highly
customised to meet individual customer require-
ments. The design content per order is usually
high. This makes specifications particularly im-
portant because product requirements are contract
and customer specific.
The purpose of this paper is to explore the
application of specifications in the UK electrical
transmission and distribution equipment industry.
The work is based upon case studies at the
National Grid Company and SupplierCo, one of
its strategic suppliers.
The objectives of this paper are to: describe and define various types of specifica-
tion; review models of the specification process; investigate the relationship between specifica-
tions, supply chain management and supplier
development in the electricity supply industry; model the internal processes involving to the use
of specifications by SupplierCo, a company
that supplies switchgear to the National Grid
Company.
The next section begins by describing and
defining different types of specification. Various
models of the specification process are then
explored. These are mainly concerned with the
high-volume automotive sector. Specifications are
then considered within the context of supply chain
management and supplier development initiatives.
Section three describes the research methodology.
The use of the Structured Systems Analysis and
Design Methodology (SSADM) is outlined. Sec-
tions 4 and 5 describe in-depth case studies that
were conducted at the National Grid Company
(NGC) and SupplierCo, one of its strategic
suppliers. These are followed by discussions and
conclusions.2. Specifications
A specification has been defined as ‘‘a written
description of a product that is generated before-
hand to guide the development of the product’’
(Smith and Reinertsen, 1991, p. 81). This is a
narrow-based definition and involves one-way
communication between the customer and the
supplier. A broader definition of a specification
has also been offered which views the specification
as a ‘‘forum for dialogue’’ (Nellore and Soder-
quist, 2000, p. 529) where the suppliers are
involved in the specification process.
A specification is ultimately about ends—the
delivery of a product, project or service. The
formulation of an appropriate specification is vital
to achieving these objectives (Walsh et al., 1992).
Identifying customer requirements forms the basis
of the performance specification, commonly
known as the functional specification. The perfor-
mance specification ‘‘specifies requirements in
terms of features, characteristics, process condi-
tions, limits and exclusions defining the perfor-
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tion should state the required attributes of the
product, together with any constraints, without
giving a detailed technical description’’ (BS7373,
1998, pp. 1–2). This information is used to prepare
a product specification, usually known as a
technical specification. ‘‘The product specification
needs to give all the information required to realize
the product and provide objective evidence that
the product conforms to its performance specifica-
tion’’ (BS7373, 1998, p. 2). The product specifica-
tion gives ‘breadth’ to the design and is the most
important part of the design process (Hollins and
Pugh, 1990). Process specifications, which may be
separate documents to the product specification,
give detailed guidance on the technical and
procedural aspects of product implementation.
The specification of processes should be broad
and of a general nature, relying on internal and
external standards without necessarily making
reference to them (BS7373, 1998).
Fig. 1 shows that the committed cost associated
with the design of a product rises steeply during
the market development and conceptual design
stages, although the incurred cost is low. It is
during these stages that specifications are pro-
duced. Errors at the design stage can commit
substantial costs, which are realised during man-
ufacturing and product use. The effective manage-
ment of the specification and design processes is
crucial because 75–80% of avoidable total costs
are controllable at the design stage (Burt and
Doyle, 1993).Fig. 1. Product cost commitment during phases of the design
process (Dieter, 2000).2.1. Models of the specification process
A number of different models and approaches
have been developed to explore the specification
process. Roozenburg and Dorst (1991) suggested a
procedure for analysing objectives and formulat-
ing specifications. This framework involved estab-
lishing the goals and objectives, analysing the
objectives and formulating the requirements.
Smith and Rhodes (1992) identified 32 primary
elements of a specification, which included aes-
thetics, company constraints, competitors, cost of
product, customers, life span, politics, etc. This
model was based upon the content of a specifica-
tion document.
Karlsson et al. (1998) identified problems that
automotive suppliers experienced with specifica-
tion processes. These were categorised in terms of
technical content, level of detail, changes, cost,
interpretation and understanding and supplier
participation in the specification process. They
focused upon the specification process in ‘black
box’ engineering. With this approach, the custo-
mer specifies the interface details and performance
requirements of the component or system and
leaves the supplier to develop the technology
(Lamming, 1994).
Nellore et al. (1999b) developed a model of the
specification process that comprised eight inte-
grated parameters: communication, product re-
quirements, functionality, process requirements,
standard drawings, customer requirements, and
level of technology. The model evolved from
research with automotive original equipment
manufacturers (OEMs) and their suppliers. The
manufacturing activities of the OEM were focused
on assembly. It corresponded with the ‘total
design’ process developed by Hollins and Pugh
(1990), which can be viewed as a multidisciplinary
iterative process.
Nellore et al. (1999a) developed a second model
of specification management, which depicted
product development as a flow of specifications.
The market segment specification identified mar-
ket requirements. It was generated by the OEM
from inputs from customers, distributors, sup-
pliers and previously verified requirements
from the analysis of other projects. A customer
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needs, was then created along with an internal
product specification. From the latter the sub-
system product specifications and in turn the
component product specifications were created.
Validation plans were created at each specification
level. Risk and bottleneck analyses were under-
taken during the validations and fed back into the
specification process. Finally, feedback was en-
couraged at all levels of the specification process
including after the product was manufactured. All
changes and solutions were written back into the
specifications.
These models of the specification process
for high-volume, standardised products may
be of limited application in the capital goods
industry. This is because design and manu-
facturing are effectively decoupled in high-
volume manufacturing, whereas in low-volume
manufacturing the processes are often concurrent
and the customer is exposed to the cumulative
lead-time.
2.2. Supply chain relationships in the automotive
industry
In the automotive industry the traditional model
of product development was based upon a well-
defined product concept and specifications (Nel-
lore et al., 1999b). This helped to avoid any
unnecessary changes. Buyer–supplier relationships
were characterised by repetitive buyer behaviour
and close operational integration between assem-
blers and suppliers (Turnbull et al., 1992; Lam-
ming, 1993). The type of specifications and the
generator of specifications were different for
different types of suppliers and reflected their
capabilities and capacities (Nellore and Soder-
quist, 2000). Turnbull et al. (1992) found different
patterns of inter-organisational linkages occurred
amongst the automotive companies and their
component suppliers. It was common for OEMs
to have ‘first-tier’ suppliers responsible for key
components or systems with ‘second-tier’ suppliers
providing generic components. Allowing ‘first-tier’
suppliers greater design responsibilities was
an important factor contributing to the sup-
erior advantages enjoyed by Japanese automotivecompanies in product development (Clark and
Fujimoto, 1991).
As ‘first’ and ‘lower-tier’ suppliers had different
roles and capabilities, the content of their respec-
tive specifications varied. The product specifica-
tions and engineering for detail-controlled parts
were developed by the OEMs (Clark, 1989). The
supplier was expected to build the component to
the exact product specification. This allowed the
assembler to retain the technological capabilities,
control component design quality and preserve its
bargaining power with the supplier (Mikkola,
2003). In the North American automotive indus-
try, the assemblers were highly reliant on detail-
controlled parts from their suppliers, whereas in
Japan development responsibility was delegated to
suppliers in the form of ‘black box’ components
and systems (Womack et al., 1990).
It has been argued that the development of
‘black box’ engineering redefines the role of
specifications and requires a fundamental change
in buyer–supplier relationships (Karlsson et al.,
1998). In ‘black box’ engineering the specification
process is more interactive. A ‘black box’ supplier
conducts detailed engineering based on perfor-
mance specifications provided by the OEM. The
specifications are not fixed but are subject to
technical adjustments. To facilitate this, ‘‘perma-
nently open communication channels’’ (Karlsson
et al., 1998, p. 545) are required to provide
appropriate interaction. Outsourcing through
‘black box’ engineering reduces project lead-time
and engineering resources required for product
development (Clark and Fujimoto, 1991). It also
allows the OEM to utilise suppliers’ engineering
expertise and manpower while retaining control of
design and system integrity (Mikkola, 2003).
This research in the automotive industry has
focused upon the mass production of standardised
products with repetitive and routine assembly
processes. These are normally controlled using
JIT systems that require close operational integra-
tion between customers and suppliers (Hicks et al.,
2000). In the capital goods industry, there is
normally a product development phase (which
involves the development and use of specifications)
associated with each contract. Items are usually
ordered in low-volume on a project basis.
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Supplier development is an integral part of
product development. It has been defined as any
effort by the buyer to increase the performance
and capabilities of its suppliers to meet its short
and long-term supply needs (Krause and Ellram,
1997). Companies are most likely to concentrate
their efforts on their strategic suppliers. In their
survey of 96 US companies, Krause and Ellram
found significant differences between buyers in-
volved in supplier development from those not
involved in supplier development. The former saw
their suppliers as partners, placed greater emphasis
on two-way communication, involved top man-
agement in the buyer–supplier relationship, used
cross-functional teams, and purchased a large
percentage of the suppliers’ annual sales. Interest-
ingly, there were some areas where there were little
differences between the two groups. Both focused
on cost of ownership rather than price, sought
long-term relationships with their suppliers, and
formally evaluated their suppliers’ performance. In
the latter case, this is perhaps because both groups
have tried to use this information to identify and
improve any general areas of weaknesses of their
suppliers (Hahn et al., 1990). Reed and Walsh
(2002) reported that supplier development was
often used reactively to improve supplier perfor-
mance rather than strategically to improve the
capability of the supply base.2. Engineering
Engineer for Tender
Fig. 2. A function rectangle.
Customer
Fig. 3. A source or a destination for the data.3. Research methodology
In-depth case studies were conducted at the
National Grid Company (NGC) and SupplierCo,
one of its strategic, ‘first-tier’ suppliers. Semi-
structured interviews were conducted with 9
people who were actively involved in the tendering
and specification process. These interviews were of
2–3 hour duration. The purpose was to explore the
type of specifications issued by NGC and how
these were underpinned by the Company’s supplier
development initiative.
The internal processes at SupplierCo and its
external communication with customers and sup-
pliers were modelled using the Structured SystemsAnalysis and Design Methodology (Cutts, 1991).
This is described in the next section. The objectives
were to: (i) understand the processes and issues
associated with specifications; (ii) investigate how
the business processes interacted in response to
invitations to tender; (iii) identify how SupplierCo
put together tenders.
3.1. Structured systems analysis and design
methodology (SSADM)
SSADM was used because of its rich modelling
capability, its widespread use and its graphical
representation. It is based upon the systems
approach that decomposes complex systems hier-
archically. Systems may include people, processes
and technology. They are represented as data flow
diagrams that include functions, sources and
destinations for data, data stores and data flows.
Fig. 2 depicts a function rectangle, used in
dataflow diagrams, which contains the process
number, the process title and a short description of
the task. The identification number enables ease of
reference when cross-referencing between the
levels of the data flow diagrams.
Fig. 3 depicts a source or a destination for the
data. It is possible, and often necessary to repeat
the ellipse for a given source, to avoid over-
complication. In order to highlight the repetition
of an ellipse, a line is drawn in the top left hand
corner, and this line is then present in all
repetitions of the ellipse.
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represented by an open-ended rectangle. It can
represent any type of information storage, includ-
ing databases, charts, lists, standards and draw-
ings. The data stores are named and numbered for
ease of cross-referencing. There are typically two
main categories of data store, M (manual) and D
(digital). As with the ellipses, a data store can be
repeated on a data flow diagram and this is
represented by the double bar at the closed end of
the rectangle. An annotated arrow depicts data
flows. An example of an SSADM diagram is
shown in Fig. 6 (in Section 5).
Personnel were interviewed in each business
function and data flow sheets were created. These
documented the tasks, information storage me-
chanisms and information flows that dealt with
specifications. The model was also used to identify
how each of the business functions fitted into the
product development process. In addition, pub-
licly available material (such as company reports,
industry publications, government publications)
and internal documents were collected for each
case study to support the primary data. The
researchers were also able to observe the day-to-
day operations at SupplierCo during the data
collection phase.4. National Grid Company
The electricity industry plays a strategic role in
the UK economy. In 2001, the electricity industry
accounted for 13% of all industrial investment in
the UK and contributed 1.2% to Gross Domestic
Product (DTI, 2003). The industry is also highly
capital intensive, with total assets of £135 billion.
This is approximately 4% of the total capital stock
of UK industry (DTI, 2000).
The Central Electricity Generating Board
(CEGB) was a state-owned monopoly responsible
for the generation, distribution and supply of
electricity throughout the UK. The 1989 Electri-city Act provided the framework for the privatisa-
tion of the electricity industry, which began in the
early 1990s. The transmission grid system in
England and Wales, operating at 400,000 and
275,000V was transferred to the National Grid
Company. Scottish Power and Hydro-Electric
took responsibility for operating the grid system
in Scotland. The 12 Area Boards, responsible for
lower-voltage local transmission and distribution,
were converted into twelve Regional Electricity
Companies.
In addition to the operation and maintenance of
the high-voltage grid, NGC also operates the
electricity connectors between England and Scot-
land and the cross-channel transmission link
to France. The existence of a national grid serves
to facilitate competition in generation because a
local customer is physically connected to all
generating sets throughout the UK and also to
continental systems through the transmission link
to France (Yarrow, 1994). NGC has recently
merged with Transco and now owns and operates
the UK’s principal natural gas transportation
system.
As the owner of the 4500-mile transmission grid,
NGC is responsible for maintaining the physical
assets and for ensuring the long-term reliability of
the grid. NGC has a monopoly position as a
system operator and is regulated by the Office of
Gas and Electricity Markets (OFGEM). The
Company is required to guarantee the quality
and reliability of electricity across the network and
to balance aggregate supply and demand (Helm,
2003).
NGC is organised into three functions: (i)
Engineering Services, which is responsible for
asset health, sites, maintenance and monitoring;
(ii) Network Services, which is accountable
for engineering policy and engineering; (iii) sys-
tems operations. Engineering policy sets the
standards by which NGC operates in respect
of network design, development of projects
and new connections. It is also responsible for
drawing up specifications. This entails inputs
from all of the relevant business functions
within the Company together with inputs from
the supplier base, other utilities and academic
research.
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The CEGB used to be technically driven. NGC,
as a publicly limited company, is profit driven. Its
strategy is to drive down total costs to meet the
requirements of the Regulator and to satisfy
shareholders. The CEGB developed detailed tech-
nical specifications for every product and compo-
nent. After privatisation, CEGB specifications
became National Grid Technical Specifications
(NGTS). NGC maintains substantial technical
expertise and draws up detailed technical specifi-
cations for critical new components. This enables
the Company to: ensure the reliability of the
network; meet performance targets set by the
Regulator; and provide superior performance
compared to overseas networks based upon
International Electrotechnical Commission (IEC)
specifications. The full set of NGTS documents are
very voluminous and have been made available on
the web to approved suppliers. The NGTS
represent a substantial body of explicit and
implicit knowledge that has been accrued over
the last century. This is particularly valuable given
the high age profile of engineers at both NGC and
its suppliers. There are specifications for every
range of components and systems such as clamps,
insulators, transformers, circuit breakers, build-
ings, control and protection relays, etc.
Under the CEGB, products were tested and
were expected to last at least 30 years. Once a
product had met the specification, testing and
endurance requirements, it was given an approval
certificate. The CEGB operated a Type Registra-
tion system for plant and equipment to be used on
its sites. The purpose of Type Registration was to
ensure satisfactory performance and the compli-
ance of contractors’ equipment with standards.
This allowed the CEGB to have control over
design solutions. As all equipment had to be pre-
approved, it became classified as standard. NGC
inherited this system of type approval. NGC is not
looking for innovation from its suppliers; it
requires well-proven solutions that have very high
reliability.
NGC specifications are orientated towards a
single integrated grid, which gives stability of
supply. The specification defines the requirementsof the product to meet performance standards
specified by the Regulator. A principal require-
ment is to provide 99.4% availability of supply.
Power quality and reliability is high in the UK
because of NGC specifications and the system of
product type approval.
The tender documents are framed in terms of
performance specifications, known as ‘application’
specifications. These work within the framework
of NGTS outlined above. For example, a supplier
might be issued with a performance specification
for a substation. The total document is only 12
pages long. However, the clauses within the
functional specification refer to NGTS. These are
often very detailed e.g. the standard for circuit
breakers is 53 pages long and this includes
reference to other NGTS. A substation supplier
therefore has an incentive to select a type-
approved circuit breaker, which guarantees com-
pliance with NGTS.
4.2. Supplier development
NGC has implemented a supplier development
strategy to assess and improve the performance of
its suppliers. The ‘first-tier’ suppliers of transmis-
sion and distribution equipment are assessed as
part of the tender evaluation process. Suppliers are
assessed in three main areas: (i) supplier capability
and performance; (ii) tender price; and (iii) tender
compliance. This forms the basis of a scoring
system that is used for supplier selection. The three
areas have approximately equal weighting. The
Company’s supplier development strategy aims to
improve quality assurance and help suppliers to
improve their capabilities and performance.
NGC’s supplier development team comprises
four specialists. They assess the capabilities of the
‘first-tier’ suppliers on 10 criteria: management
systems; contract management; safety, health
and environmental; scheme development; tenders;
design management; programme management;
supplier management; site management; commis-
sioning and post-project support. Each of these
criteria is broken down into a number of
subcategories, which allows NGC to compare the
project management, engineering procurement
and health, safety and environmental capabilities
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of 1–10 on each of the ten categories: 1 is
inadequate, 3 is poor, 7 is good and 10 is excellent.
Suppliers are shown their individual score on the
basis of these assessment criteria. A comparison is
made to other suppliers, although their identities
are not disclosed. The purpose is to encourage the
suppliers to improve their capability (and ulti-
mately performance) in absolute and relative
terms. NGC works with suppliers to develop a
programme and action plan to improve their
capabilities.
NGC conducts an assessment of the perfor-
mance of 20 strategic suppliers. They are visited
monthly. Supplier performance during each con-
tract is assessed on the basis of project delivery,
site delivery and commercial criteria. This infor-
mation is made available to the suppliers during
post and interim project reviews. The scores go
into the assessment process. Suppliers are able to
see a breakdown of their performance relative to
their peer group. A meeting is then held with the
Managing Director and the Business Improvement
Manager to discuss the results of the exercise and
to identify any gap between capability and
performance.
NGC is building collaborative relationships
with its ‘first-tier’ suppliers. The Company is
seeking integrated solutions as illustrated in Fig.
5. Supplier integration is focused at the tender and
project delivery stages. NGC is trying to encou-
rage suppliers to extend up and down the supply
chain to encompass pre-sanction and maintenance,Pr
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Fig. 5. Supplier integration.or from the development concept through to
solutions (application and project management).
NGC currently sends out an invitation to tender
based on NGC specifications. The proposed
strategy is to award contracts on the basis of a
‘solution concept’ that encompasses product de-
velopment, construction, tendering, project deliv-
ery, maintenance and possibly demolition at the
end of the product’s life. This will help NGC to
plan ahead for asset replacement, operating
expenditure, capital expenditure, staffing and
other requirements that are laid down by the
Regulator.
In January 2004, NGC stopped approving
components. Instead all new ‘lower-tier’ suppliers
must link in with a ‘first-tier’ solution provider
that acts as a principal contractor. It is the
responsibility of the principal contractor to ensure
that the product meets the requirements of NGTS.
All of the necessary controls must be in place to
ensure that testing is carried out to comply with
NGC specifications. Contractors outsource con-
struction and site work, but the principal con-
structor is responsible for managing the
subcontractors and the supply chain.
Before privatisation, under the CEGB, each
substation had its own control and protection
equipment. Now substations are integrated. Sup-
pliers are required to provide an integrated
solution with respect to the optimum layout of
the substation. NGC conducts a detailed design
review with the contractor to assess compliance
and fitness for purpose. NGC’s strategy is to
reduce its supplier base by delegating the respon-
sibility for component supply to strategic ‘first-tier’
suppliers. Work in England and Wales has been
bundled into ‘super clusters’. The aim is to
encourage the principal contractors to take re-
sponsibility for individual clusters. For the suppli-
ers, it makes work more predictable, enables them
to plan ahead and operate in an efficient manner.5. SupplierCo
SupplierCo produces a wide range of equipment
for the power generation industry, including air-
insulated and gas-insulated switchgear. In recent
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restructured into separate strategic business units
(SBUs) comprising Projects, Protection and Auto-
mation and Control (A&C). The Projects SBU is
responsible for the management of large projects and
is the main interface with NGC. Protection designs
and produces electrical switchgear such as relays.
A&C designs and implements software based
protection systems for switchgear. SupplierCo and
its SBUs work for NGC, Scottish Power, the
Regional Electricity Companies and overseas utili-
ties. In the latter case, suppliers often work to
International Electrotechnical Commission (IEC)
standards.
Specifications associated with NGC tenders and
contracts come to A&C via Projects. The latter
will only take bids for automation and control
equipment from A&C and not their competitors.
In return, A&C will not bid for work from
Projects’ competitors unless Projects has been
unsuccessful. This gives A&C ‘two bites of the
cherry’. A&C must declare its cost for materials,
labour and overheads to Projects. This is then
listed as ‘in-house suppliers’ on Projects’ tender.
Projects undertakes the risk management of
projects. There is a lower risk associated with
quoting for contracts requiring familiar in-house
supplied equipment. A&C’s competitive advantage
is viewed as its ability to reduce risk by delivering
on time, meeting quality standards and offering
systems solutions. A&C finds that it is necessary to
offer an upgrade path available to the utility for up
to 10 years after the initial installation. This is to
provide an option to extend product life. Much of
the work for NGC involves the refurbishment of
substations and control systems.
In 1998, the business was restructured and Lead,
or Senior Engineers replaced Project Engineers.
Before restructuring the specification would pass
through the various business functions for their
input into the tender. The Company moved from a
functional to a customer-focused structure. A&C
has four Senior Engineers, each assisted by two
supporting engineers. Fig. 6 shows that the Senior
Engineers’ role runs across the main functions of
the business. Senior Engineers are responsible for
determining customer requirements, producing
detailed designs, determining required equipment,developing the project plan and estimating costs as
outlined. The Senior Engineers’ responsibilities
include work previously carried out by Project
Managers in terms of planning and controlling the
project. The new system gives the Senior Engineers
wider knowledge of all business processes.
Fig. 7 illustrates the contract execution stage.
The Senior Engineers: (i) supply Procurement with
a bill of materials and plan; (ii) manage manu-
facturing and the assembly of equipment; and (iii)
supply monthly business and financial reviews to
Accounting and the General Manager.
The specifications supplied to SupplierCo for a
NGC project come directly from Projects. The
staff sometimes find it a very time-consuming
exercise to read and fully understand the specifica-
tion supplied by the customer. It takes two people,
one from Control and one from Protection, to
review a specification line by line to ensure that full
compliance is achieved. The respondents suggested
that some of the specifications provided by NGC
were too ‘standard’, in so far as the customer
supplied a specification that was based upon a
previous contract. This did not necessarily mean
that it was suitable for the particular project. A
considerable amount of formal and informal
communication was often required to fully under-
stand the customer’s requirements.
The specifications supplied to SupplierCo con-
tained drawings and referred to NGTS or IEC
standards. The drawings usually included site
plans and the NGTS contained standard drawings
for cubicles and other components. The staff
complained that the site drawings were often
inaccurate. It was therefore normal practice for a
site visit to be incorporated into the tendering
process. The Protection SBU normally carried out
the site survey.
Materials were often specified at an early stage.
Decisions as to whether the solution was to be in
hardware or a software format was also decided
early in the development of the tender. When
submitting documents to suppliers requesting
quotations or ordering equipment, it was normal
practice for a copy of the relevant sections of the
specification to be passed to the supplier. The
performance, test and other general requirements
in the specification normally referred to individual
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Fig. 6. Lead Engineers’ interactions with other business functions during tender engineering (Lovell, 2001).
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document also made reference to appropriate IEC
specifications. Each clause had to be checked to
ensure compliance with NGTS, British Standards
(BS), International Organization for Standardiza-
tion (ISO) or IEC standards. NGC’s new policy of
issuing standard documents to ‘trusted’ contrac-
tors during the tendering process would allow the
supplier to indicate non-compliance in particular
areas of the tender.
SupplierCo’s policy was to bid compliant.
Management believed that some specifications
were onerous and were sometimes over specified.
This caused higher costs for the testing of
products, which was ultimately passed on to the
customer. Senior staff believed that the systemstifled creativity and innovation and increased
costs. SupplierCo would prefer to offer alternative
products (non-compliant) with improved technol-
ogy. This would provide more flexibility and could
reduce prices, but it could make it harder for NGC
to evaluate tenders.
The Senior Engineers liaised directly with the
customer. There were regular design review meet-
ings, both internally and with the customer, to
address deviations, variations and other contrac-
tual issues. The Senior Engineers could suggest to
the customer variations to the specification that
would reduce costs. Some changes to the specifica-
tion would be advantageous to SupplyCo because
it would present an opportunity for the Company
to expand its market by using its own software.
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tenders that achieved the correct price, quality and
delivery date to meet customers’ requirements. It
typically took seven to ten days to prepare a tender
and involved two to three people working on it
part-time. The work content was generally around
80–100 hours. The Tendering Manager viewed
tendering as a self-contained function. In reality,
the Senior Engineers, as well as Sales were
involved in the process. Discussions were held
with the Sales Manager to establish market
intelligence and an appropriate price. The tender
was then passed to a Senior Engineer who liaised
with the other business functions to develop the
offer.
There was a significant amount of inter-
action between SupplierCo and its suppliers
during the preparation of a tender. The specifica-
tion breakdown sometimes could not be
easily fulfilled by the standard products or
systems offered by SupplierCo. For bespoke
contracts, it was sometimes necessary to send
extracts of the customer’s specification to asupplier, particularly when requirements were not
clear.6. Discussion
The NGC specifications were derived from
CEGB specifications, with additions made to
satisfy the needs of the Regulator. The specifica-
tions are drawn up by NGC without negotiations
with suppliers. NGC maintains substantial techni-
cal expertise through research, collaboration with
suppliers, attendance at conferences, contact with
professional institutions etc. This knowledge is
embedded in National Grid Technical Specifica-
tions. The engineering competence of NGC is
recognised throughout its supply chain and inter-
nationally. NGC considers that it maintains the
highest standards in the world.
Suppliers to NGC gain competitive advantage
in international markets because the NGC Type
Registration system is highly regarded. The NGC
management of specifications in conjunction with
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it control of the product development and fulfil-
ment processes throughout the supply chain. The
supplier development strategy makes purchasing
decisions transparent, both to the suppliers and
also the Regulator. This approach also ensures
the adoption of appropriate quality standards
throughout the supply chain.
Specifications need to: (i) reflect the changing
nature of the industry; (ii) take into account the
type and amount of information to be given to
suppliers or obtained from them in the case of
outsourced systems. The knowledge of how to
integrate components and systems into different
products is an important issue. Hollins and Pugh
(1990) distinguish between static and dynamic
products. Products are dynamic when design
changes are of a radical nature, i.e. when changes
occur in the basic design concept. Products are
static when changes are incremental and the basic
concept is unchanged. Innovation should be
pursued only when the market requires it and the
company is able to supply it (Hollins and Hurst,
1995). These factors should be taken into account
when writing specifications.
NGC is not looking for innovation, but the
Company may consider supplier-led innovation if
appropriate. It wants products that are subject to
minimal unplanned change. However, the possibi-
lity of future upgrading of products and retrofit to
prolong product life is encouraged. NGC has
conveyed this information to suppliers and it is
reflected in its specifications. If the design is
dynamic, there would need to be a higher level of
supplier involvement in the specification process to
reflect the technological uncertainty (Wastie and
Liker, 1999).
Cox et al. (1998) argue that some electricity
utilities have developed general performance spe-
cifications to replace detailed product specifica-
tions to increase the number of potential suppliers.
NGC has not done this. The Company has few
‘first-tier’ suppliers and there is mutual depen-
dence. NGC utilises both performance and pro-
duct specifications simultaneously.
NGC has a large investment in embedded
knowledge, which is made explicit in its specifica-
tions. The focus is on safety, predictability,reliability, etc. The design of electrical distribution
products is not driven by competition. The
emphasis is on reliability and cost reduction (both
capital and operating expenditure) to satisfy the
regulator and to maximise the return to share-
holders. The specifications are relatively static.
Hence, the focus is on supplier development. A key
element of NGC’s strategy is to improve the
predictability of supply in terms of lead-times,
costs, performance and reliability, which en-
courages standardisation. This may be frustrating
for engineers, who frequently enjoy working on
innovative projects. NGC uses its supplier devel-
opment programme to ensure that suppliers have
the capability and capacity to meet the Company’s
current and future requirements.
6.1. A comparison with the automotive industry
In the automotive industry, ‘first-tier’ suppliers
are engaged in ‘black box’ engineering, where they
produce detailed designs to satisfy a given
performance specification. ‘Lower-tier’ suppliers
are provided with detailed product specifications,
which contain all of the information required to
produce the product. By contrast in the electrical
distribution industry, NGC only deals with ‘first-
tier’ suppliers. They are provided with perfor-
mance specifications, but they must also work
within the framework of detailed National Grid
Technical Specifications. Thus suppliers are given
both performance and product specifications,
which are underpinned by the type approval and
supplier development systems. ‘First-tier’ suppliers
are responsible for the selection, management and
performance of ‘lower tier’ suppliers.
The Karlsson et al. (1998, p. 534) model of
‘black box’ engineering considers the specification
as an ‘‘open medium for communicating func-
tional and performance requirements’’, rather than
a fixed document. In the electrical distribution
industry the specification is a set of fixed docu-
ments. Communication and product development
is achieved through a comprehensive supplier
development model. None of the previous research
or models relating to specifications have explicitly
identified product type approval or the interrela-
tionship between specifications and supplier
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issues in the electrical transmission and distribu-
tion equipment industry.
In the automotive industry, the specification
process is driven by market requirements starting
from the market segment specification (Nellore et
al., 1999a). Products are highly differentiated in a
competitive market. Innovation is encouraged,
giving rise to a dynamic design process with the
subsequent requirement for continuous commu-
nication between customers and suppliers. In
contrast, the electricity distribution industry is
mature and NGC is in a monopoly position.
Design processes are static. The performance
standards specified by the Regulator provide the
framework for the specification process. The
detailed NGTS and type approval systems ensure
that the Regulator’s targets are achieved. Reliable
and well-proven designs are preferred to meet the
requirements of the Regulator.7. Conclusions
The literature makes a distinction between
product (technical) specifications and performance
(functional) specifications. It has been argued that
performance specifications allow suppliers to
develop their own designs, introduce innovation
and reduce costs (Kumpe and Bolwijn, 1988). In
the capital goods industry, detailed product
specifications reduce the design choices available
to the supplier. This may constrain innovation and
result in unnecessary design and procurement
activities, which increases cost and lead-time
(McGovern et al., 1999; Hicks et al., 2000).
Outsourcing, if not carefully managed can lead
to a ‘hollowing out’ of the company through loss
of ‘architectural knowledge’ (Venkatesan, 1992).
NGC is moving towards the use of performance
specifications for ‘applications’ such as new sub-
stations. However, the supplier is also required to
work within a comprehensive framework of
detailed product specifications (NGTS), which
apply to all components and systems. This
constrains the ability of suppliers to develop their
own designs, limits the introduction of innovation
and provides a mechanism that gives NGCeffective control over its supply chains. NGC has
substantial knowledge relating to product design,
construction, operations, maintenance, retrofit
and decommissioning. The integration of this
knowledge is NGC’s core competence (Prahalad
and Hamel, 1990). NGC seeks to maintain and
develop its technical expertise rather than capture
it from suppliers. The supplier development
programme controls costs and encourages suppli-
ers to maintain and develop their capabilities. It
also promotes competition between suppliers.
NGC’s supplier development initiative is strategic
as its aim is to improve the capability of the supply
base.
This research investigated the product develop-
ment process in SupplierCo, one of NGC’s
strategic suppliers. NGC’s supply strategy had
encouraged SupplierCo to restructure its business
from a functional organisation to a customer-
focused, project-based company. Senior Engineers
became responsible for all aspects of a project and
liaised with NGC and suppliers. The Structured
Systems Analysis and Design Methodology mod-
els showed the structure of the business processes,
the associated information flows, data storage and
the role of the Senior Engineer during the
tendering and contract execution stages. Senior
Engineers were responsible for the business pro-
cesses and coordination with suppliers and custo-
mers. The models showed that the understanding,
management and use of specifications were core
components of both these stages.
Specifications influence the power balance
between customers and suppliers. They are used
by the customer to manage risk. Specifications
also determine the scope for suppliers to innovate.
As specifications are developed early in the
design process, they have a large influence on
performance, capital and operating costs. Over
specification may lead to excessive capital costs,
whilst under specification may lead to poor
performance that potentially increases operating
costs and exposes the customer to excessive risk.
The content and context of specifications may be
determined by the knowledge base and technical
competence of the customer and its suppliers.
Specifications are a strategic issue because of these
factors.
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